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Exercise gaming - a motivational approach for older adults with vestibular dysfunction
1.0 Introduction
Vestibular dysfunction is a well-known problem among the elderly population, with a reported prevalence of 11% to 39%, and a significant increase with age [1;2]. Vestibular dysfunction is a common cause of dizziness, leading to an increased incidence of falls among older adults [3-5]. There is statistically significant evidence to support the use of vestibular rehabilitation (VR) for people with vestibular dysfunction, to reduce dizziness and to improve balance and mobility [6]. It is preferable for VR schemes to be performed in the homes of the elderly, since this particular rehabilitation requires intense, daily, and long-term commitment and effort. Supervision by physiotherapists may be offered regularly, but for the majority of the training, self-directed patient adherence becomes decisive in the success of solo rehabilitation [7]. A study by Krebs et al. [8] revealed that only eight of twenty-four patients reported that they exercised at home, daily or several times a week, when enrolled in a VR programme. Yardley concluded that self-reported exercise compliance was ‘fair’, since 71% of the patients in a VR programme reported carrying out the home exercises most days of the week, and only 55% continued the exercises for at least 9 weeks [9]. 
In a review by Baert et al. [10], lack of (self) motivation was identified as an important barrier to being physically active, and in the majority of studies, self-efficacy was identified as the strongest predictor of exercising [11].  Studies show that, although the potential for using technology to improve health care is generally acknowledged, such technologies are still not always accepted by elderly patients for a variety of reasons, including poor device usability, insufficient instruction, lack of computer skills, and low self-efficacy [11].
In a prior study of computer technology for vestibular rehabilitation [12], we adopted the hypothesis that a computer game intervention might increase exercise compliance. This hypothesis was adopted, because an earlier study showed that 73% of patients exercising with computer games reported greater enjoyment and motivation than with traditional physiotherapy [13]. The study showed significant improvement in both the intervention group and the control group, so we did not find the intervention with computer games effective [12]. Furthermore, the study identified an exercises compliance rate of only 57% [12]. Therefore, the overarching purpose of the herein reported qualitative study was to uncover possible reasons for the modest level of compliance with the evaluated computer assisted training for VR based on the same participants as in the prior study. We chose to focus on the elderly participants’ self-efficacy, motivation and acceptance of the technology, as they are all related to the success of rehabilitation efforts [14;15]. 
Throughout the scientific literature, the concept of ‘self-efficacy’ is consistently identified as an important determinant of exercise behaviour among various populations, and in many types of behavioural learning [11;16;17]. ‘Motivation’ as such has numerous definitions. In this paper we focus on ‘controlled motivation’ which means that a patient will participate in treatment because of an external force (e.g. “The therapist is watching me”).  ‘Self-determination’ is the internal part of motivation and is related to autonomous motivation which again is related to identify the goals of treatment (e.g. “I understand why I must do this exercise”) and to feel competent regarding the outcomes of the rehabilitation process [18;19]. Also affecting motivation is the term ‘acceptance of technology’. Invasions of privacy are often in the literature cited as examples of technology-related obtrusiveness and privacy concerns have been identified as a potential barrier to acceptance of assistive health technologies (20).

2.0 Methods 
Design
The first seven participants in the group participating in the computer assisted rehabilitation programme were interviewed before the intervention (when installing the computer programme in their homes) and after the intervention (after 16 weeks of rehabilitation with the computer programme). 
The 14 interviews were semi-structured, following the topics listed in Box 1 (pre-interview) and Box 2 (post-interview). The interviews lasted approximately 30 to 60 minutes, and took place in the participants’ homes. 
In both interviews, the interviewer addressed the study’s three focuses presented in the interview guide: self-efficacy, motivation, and their acceptance of the technology.

Insert Box 1 around here							Insert Box 2 around here

The 14 interviews were transcribed by the first author. In keeping with Kvale and Brinkmann [21], we did meaning interpretation analyses of the data. The interpreter went beyond what was directly stated in the interviews, to identify structures and relations of meanings not immediately apparent in the text. Earlier research literature on older adults, exercise, and compliance constituted the theoretical framework of the analysis [10;11;17;22-26]. 

Participants
The participants were recruited from The Fall Prevention Clinic, Geriatric Department, Aarhus University Hospital, Denmark. The diagnosis of peripheral, central and/or mixed vestibular dysfunction was made by the Ear, Nose and Throat Department at the same hospital. The exclusion criteria comprised unstable peripheral vestibular dysfunction, that is, Ménière’s disease, benign paroxysmal positional vertigo, and acute neuronitis vestibularis. The Danish National Committee on Health Research Ethics (project ID: M-20090189) and The Danish Data Protection Agency approved the study (project ID: 1-16-02-84-09). All participants gave signed, informed consent. 
Seven participants, aged 67 to 86 (mean age, 76), participated in the study (table 1). The participants represented a wide range of educational backgrounds and former occupations, as shown in table 1. 

Insert Table 1 around here

Generally, the participants were active persons, spending much time with their families and friends, and participating in other social activities, such as theatre, lectures, orchestras, and politics. 
Four of the participants were single. Three lived with a spouse or partner. Two moved from a house to a flat during the study period.

The computer game intervention
The computer game used in the computer assisted rehabilitation programme was ‘Move it to improve it’ (Mitii)
[27] which has also been used to home-train patients with cerebral palsy (28).
Therapists can develop personalized rehabilitation programmes in Mitii, based on identified individual needs. The
system generates feedback to therapists at the hospital, with information on the duration of the participants’ daily
training. In addition to twice-weekly clinical training sessions, the intervention group had the Mitii setup 
established in their homes through an internet-connected computer with a web camera. A sequence of individual 
exercises and games was arranged for one daily exercise programme of 20 to 25 minutes. The exercises were
adjusted by a physiotherapist with regard to the speed and duration of the exercises, and the level of distractions on
the screen, which challenges the patients’ vestibular systems. A Mitii user wear a coloured headband during the 
computer-mediated rehabilitation activity. The coloured headbands assist the system to track and trace head 
movements using a web camera. Once captured, the captured head movements are translated by the Mitii system 
into movements on the screen and game control. The Mitii rehabilitation games fall into two general categories: (1) 
‘drag-and drop’, where the user (​http:​/​​/​en.wikipedia.org​/​wiki​/​User_(computing)" \o "User (computing)​) selects a virtual object by ‘grabbing’ and dragging (​http:​/​​/​en.wikipedia.org​/​wiki​/​Dragging" \o "Dragging​) it to a different location on the
screen, for example, moving an umbrella over a walking man’s head, or (2) ‘follow the leader’, where an uploaded
video sequence of a physiotherapist doing rehabilitation exercises is shown, and the user repeats the
physiotherapist’s movements. Before each exercise, Mitii presents a short instruction video. The exercises are done
while standing, holding onto the back of a stable chair if necessary (e.g. in case the patient experiences dizziness 
and/or unsteadiness that may result in a fall). The participants were solicited to do the exercise programme at least
once per day. The participants were contacted by their physiotherapist after one week, and then once a month, in
order to optimized the effect of their exercise sessions by adjusting the speed and duration of the exercises, and the 
level of distractions on the screen. 
The intervention period lasted 16 weeks. During the first weeks of the intervention, the system could not display in
full-screen mode, but displayed the exercises on a smaller, 15-inch area of the screen (17 out of the 32 patients in 
the intervention group).

3.0 Results
Self-efficacy 
Before the intervention and at the pre-interview, the participants in our study showed various indications of high self-efficacy. Four of the seven participants, for example, contacted us on their own initiative in response to a recruitment ad in a local newspaper. Furthermore, one of the participants had earlier on taken the initiative being enrolled in a yoga class:
Participant 2: I saw something [yoga] in the television and I thought that if it could better my balance it was worth a try. 
Another participant had a disappointing meeting with a physiotherapist and took matters into own hands:  
Participant 1: I was very disappointed. Then I bought a ball [fitness ball] and I had some exercises (printed) from the hospital.
The participants’ high belief in their ability to complete tasks and/or reach goals was also evident in the following statement:
Participant 3: And after I had visited her [the physiotherapist] some times and had been diagnosed I was send on a fitness centre which I have been visiting in one and a half year and have got a special program which has helped me a lot.  

Controlled motivation
Some of our preconceptions were that Mitii would motivate the participants to exercise, and thereby increase exercise compliance, because the physiotherapists could observe the patient’s exercise times (duration and number of exercises per day), and that goals within Mitii would motivate them. Five of seven participants expressed comfort with being monitored, exemplified by the following dialogue, where the interviewer asks how the participant feels about being observed by log data during training sessions: 
Participant 1: I think it created a sense of confidence. I was not alone doing the exercises. I felt safe. 
Although initially motivated and adequately supported by the monitoring, the interviews also revealed that the exercise group wished for social support. Four out of seven participants made similar statements about missing the contact with the physiotherapists, and hence missing opportunities for feedback, when exercising at home:
Participant 3: It is much nicer to come to the clinic. It is cozy and the girls [the physiotherapists] who are there to help us are incredibly sweet. It is no fun at all standing alone in front of the computer screen. You get some feedback about your training session, and you communicate with the patients practicing next to you.
One patient found that the training at the hospital was not intense enough, and thought that she might do better at home with Mitii. 
Participant 5: The hospital training was a little boring. There were only a few exercises during an hour. 
In addition five of the seven participants found the exercises with Mitii monotonous and demotivating, and asked for greater variety when exercising:
Participant 5: I would like different types of exercises, instead of the same eight exercises for 3 to 4   months. Then the programme became monotonous. 
All participants had in common that they were highly motivated to minimize the burden of dizziness, and four of the seven had contacted the project in response to a recruitment ad in a local newspaper. In the pre-interviews, all participants seemed to have high expectations of the usefulness of Mitii: 
Participant 2: My expectations are great, because I think it’s exciting, and secondly I hope that I can benefit from the IT system, and others can also benefit from my experience. 
Others also felt that the project and the programme offered them something that existing health care had not been able to achieve:
Participant 5: I have reached a point where there is nothing else to do. I studied it in all conceivable ways, so it’s amazing that it can be done.
Unfortunately the post-interviews showed that only tree participants out of seven felt that Mitii meet their expectations.
Although initial motivation was strong, the intervention should have offered more support from physiotherapists and fellow patients, to sustain motivation and thereby increase compliance. Besides this a greater variation in the Mitii exercises should have been done through the intervention period.

Self-determination
While the participants were generally found self-efficate in the pre-interviews, the findings in the post-interviews in particular showed indications that the self-determination could have been better before and during the intervention. However, one participant, experienced a better comprehensibility of the disease after the rehabilitation period: 
Participant 1: I could not walk straight [before the intervention]. I could do it for a while [stand without support], but then it went wrong. I was so happy when it was explained to me that I did not get the right signals from my brain to my legs. And of course, it was the explanation [of my dizziness].
Two of the patients indicated a lack of comprehensiblity of the exercise goals after the intervention as exemplified by the interviewers’ questions to the participants, regarding whether they needed information about the exercises.
Participant 5: It [information about exercises] would have helped me. Why should I do this [exercise]? 
In an introductory video played prior to each exercise, a physiotherapist demonstrated how the exercise was carried out. The patient felt that these introductions should be more detailed: 
Participant 5: And then I would like an informative beginning to the programme - Why should I do this exercise? 
The participants complained that they received only a ‘well done’ after every exercise, but lacked specific feedback; they needed more elaborate feedback about the quality of their performance. 
Participant 6: Yes, and in the beginning I was just standing rotating [the head] from side to side. Eventually, I did it [the exercise] so slowly that I could focus on the balloon or firefly all the time, and then it became a good exercise.
Some of the participants did not ask the physiotherapist to determine that they were doing their exercises correctly.
Participant 6: No, I did not. I just rotated my head until the balloon burst. 
This information is interesting, since the aim of this particular exercise was for the participants to continue to focus on the balloon while training head rotation. Thus, although the participants were generally self-efficient in terms of the overall purpose of the VR programme, they could not always benefit of this doing exercises, and five of seven missed feedback from a physiotherapist. The need for knowledge about the purpose of each exercise, for example, ‘exercise to improve balance’, and the lack of feedback from the system regarding whether or not the patient is doing the exercises correctly, may have decreased the motivation and thereby exercise compliance. Furthermore, incorrectly performed exercises may have reduced the clinical effectiveness of the intervention. 
It seems like the participants had a high level of self-efficacy which indicated a high strength to complete the Mitii rehabilitation program. On the other hand the participants’ comprehensibility in general was low which could affect the ability for successful coping with the training program. 

Acceptance of the technology 
The participants were no strangers to technology and owned a number of home technologies, such as videos, DVDs, flat screen TVs, computers, and mobile phones. One participant used his computer for his writing, whereas others used the computer for email and browsing the internet.
The participants were given a five-page manual presenting the exercises, and a ‘frequently asked questions’ section. During the study, the complete study intervention group (n=32) made use of telephone support on five occasions only. However, they contacted the physiotherapists at the clinic for IT support 22 times. The most common problems were missed Adobe Flash Player updates, unstable internet connections, and flat mouse batteries.
However, it turned out that four of the seven could have used more guidance and training in basic IT use which can affect the acceptance of the technology: 
Participant 2: Sometimes it [computer] worked, and sometimes not. I have tried to figure it out myself, and sometimes I have had another try the next day. 
Some participants identified solutions on their own, by experimenting with the computer: 
Participant 4: Other times, I even experimented. I found out that when I pressed the red bottom, I turned off the whole thing. 
Despite the occasional technical trouble, the participants were generally capable of using the technology, and possible age-related computer illiteracy did not seem to be a determining factor.
More critically, we found some functional issues, where the Mitii system did not support the full range of VR training. During the first weeks of the intervention, the system could not display the graphical screen interface in full-screen mode. Instead, the Mitii system exercises were displayed on a smaller, 15-inch area of the computer screen. The limited active screen size especially affected exercises with side-to-side head movements, where the participants made movements of approximately only 20 to 25 degrees when using Mitii (rather than the intended 45 degrees) [29], which influenced the elderly patients’ experience of Mitii: 
Participant 6: The exercises with the ball [rotate head while focusing with the eyes] felt better in the hospital, because you should rotate your head more.
Another functional issue was that dynamic exercises, for example, the highest progression of VR [30], walking while rotating the head, is not possible with Mitii, where the user must stand in front of the screen. The functional issues could potentially affect the participants acceptance of the technology, exemplified by participant 3: 
And in particular, the one [exercise] that has two movements simultaneously. Looking forward, while walking forward. The programme [Mitii] could not replace it. It has more static exercises.
Although Mitii did support the correct performance of the majority of the VR exercises, the above-mentioned issues may have contributed to the modest compliance level [12].
Another issue which can have affected the effect of the programme was that Mitii made it tempting to cheat, because it was rather easy. 
Participant 6: Sometimes I did not bother. So I cheated a little bit. The exercise with the eyes back and forth [follow the leader exercise] I just stopped and waited until the next exercise started. 
In the interviews, four of seven participants confirmed that they had cheated during the exercises.

4.0 Discussion                                                                                                                                                            Age is not an excuse                                                                                                                                                    
Among the elderly, self-efficacy predicts exercise compliance, and the elderly exhibit less exercise self-efficacy than other age groups [11;17]. The participants in the present study had high self-efficacy, and therefore, lack of coaching may not be the reason for their modest exercise compliance. A possible explanation could be the low self-determination since the participants’ knowledge and understanding of the VR training programme was insufficient, and they did not have a specific understanding of the purpose of the individual exercises. Fear of injury is a common concern among the elderly, and a professional exercise environment and regime can make the patients feel safe [10;11]. One of our preconceptions was therefore that the participants might not feel safe doing vestibular rehabilitation at home, because VR movements would reproduce dizziness, in order to stimulate central nervous system compensation [31]. We tried to meet this concern by asking the participants to place a chair behind them when exercising. Surprisingly, the participants expressed no fear of exercising alone at home with Mitii. Unfortunately, the interviews did not identify the reason for this, but we assign it to the participants’ high level of motivation and self-efficacy. 
As a result of their life experiences, the current cohort of elderly participants may have a set of beliefs that differs from those of the rest of the population. They have experienced a health care system very different from the one of today. Formerly, health care focused more on cure and less on prevention, was more paternalistic, and driven by another understanding of the benefits of activity [11] and as a result, the participants in this study may be satisfied with less exercise. To increase participation, future studies must focus on educating older adults about the beneficial effects of activity, and encourage them to play a more active role in their own health care.
Most of the participants found that they missed social interaction with other patients when using Mitii. This is a finding similar to the one of Gajadhar et al. [32], who have studied older adults’ experiences with different forms of co-play, and confirmed the importance of social interaction and cooperative play in digital gaming, in order to increase enjoyment. A study by Aarhus et al. [22] concluded that in game-based exercising in groups, but where one play’s the game at the time, the setup should allow the group to watch the active gamer as an audience. Perhaps computer assisted training could be provided with a kind of split screen, so several of the elderly participants could exercise simultaneously, or they could be divided into competitive teams, where each participant collects points for the team in order to provide common social responsibility when exercising. Such social game elements may also increase motivation. 

The physiotherapist is considered necessary                                                                                                          Most informants asked for closer contact with the physiotherapist, and expressed a need for feedback. The study by Baert et al. showed that the influence of professional advice is important, in terms of compliance, especially when a health care provider is advised to engage in the patients’ exercise with support [10]. Monthly adjustments to the programme did not seem to keep up with the participants’ expectations of the exercises. Most participants expressed comfort with being monitored, and felt that registering their exercise times and exercise duration created security in their daily lives.
It is possible to cheat the Mitii system, as we had no quality evaluation of the exercises done with it. Even though VR programmes may be performed at home, it is still necessary to allocate specialist/physiotherapist time to the intervention, to assure that the patients execute the exercises correctly.
In the interviews, the participants asked for more information, though we had developed a comprehensive manual for the use of Mitii. The participants wished to know what part of the vestibular system the specific exercises were training, in order to get a deeper understanding of the purpose of each exercise. The lack of information may explain the modest level of compliance. We probably should have adjusted the programme more often, as earlier studies have shown that the therapist’s explanations, and targeting exercises individually, are crucial to optimal outcomes, and patient motivation [25]. 

VR technologies revisited                                                                                                                                       This study has shown that when the system is used for vestibular rehabilitation, Mitii has some limitations, which may affect exercise compliance. Other systems with exercise interaction also have advantages and disadvantages. Systems such as the Computer Assisted Rehabilitation Environment (CAREN), Nintendo Wii Fit Plus, and Xbox Kinect are examples of this. Whereas Wii and Kinect are low-budget solutions, CAREN is an advanced, 3D, virtual reality system which setup requires its own physical room [33]. The limitations of Nintendo Wii, Xbox Kinect, and Mitii include their dependence on participants standing in front of a webcam or sensor, which limits the option of dynamic exercises. Another limitation is the small screen size, as some of the head movement exercises need up to an 120” screen (given a specific distance between trainee and screen), although a projector may be used with these consoles. CAREN uses a projector, and enables the vestibular dysfunction patient to execute dynamic vestibular rehabilitation exercises. Unfortunately, the system is not developed for a home setting, where a large part of VR should occur, to be successful [34]. Compared with training-games for the Nintendo Wii, Mitii has the advantage that the program may be adjusted from the hospital, and that Mitii data (exercise times and exercise duration) are stored, and may be visualized on a chart by health care professionals. In addition, it is possible to change the variety of exercises, with regard to their speed and duration, but the therapist in this study changed the exercises only once per month. None of the technical solutions makes it possible to organize group-based training from the patients homes, for which several of the participants in this study expressed a need. This should be developed and tested in future rehabilitation studies. 

5.0 Study limitations
A possible risk of bias in the study may exist, as the project physiotherapist (first author) conducted all interviews, and afterwards coded all the transcribed interviews. The participants may have been reticent about expressing other than positive comments, in fear of upsetting the researcher, causing offence or reprisal, or simply to be nice. The hypothesis that the pre-interviews were biased by an artificially high motivation and self-efficacy may be the reason for the reduction in motivation over time. At the post-interview following the intervention, the patients may have felt they had nothing to lose, and therefore were honest about their experience.
The sample consisted mostly of highly active and involved people, and a different participant selection process may have been beneficial for avoiding a possible selection bias. On the other hand we sampled the first seven participants included in the training project and found a high degree of conformity in the answers suggesting that a possible selection bias is minimized. We could have selected a greater variety of participants, for example, with regard to age, extent of comorbidity, or mental health, but this did not appear to be important when the study began.
The study design could have been supplemented with observations of the older adults using Mitii, to increase the validity of the study, since there exists a recognized source of bias in interviews, referred to as a ‘social desirability set’, which means that in many spheres of social life there are socially desirable ways of behaving and, consciously or unconsciously, individuals will tend to respond in that way. 

6.0 Conclusion                                                                                                                                                                         Based on the analyses of the interviews, we arguee that the explanation for the modest level of compliance observed in a computer assisted rehabilitation programme may not be due to resistance to technology or low self-efficacy. On the contrary, it seems that the patients were insufficiently motivated by the technology. The participants requested a greater variety of exercise speed and duration, or new exercises in Mitii, during the 16 weeks of rehabilitation. The participants’ desire for a deeper understanding of the purpose of each element of the training programme calls for supplying information on the parts of the vestibular system addressed by the training. Besides this, the participants desired more interaction with the physiotherapist, regarding their performance, and missed the social contact with other patients. We still consider it likely that older patients may obtain clinical effects of VR in their homes, supported by interactive gaming technologies, when compared to existing, non-interactive home exercises, but a greater focus on the very design of computer-based rehabilitation systems must be given including motivation, possibilities with group training, greater variation and support for higher self-determination in the training programme are recommended to increase exercise compliance.
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